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Abstract—Waste oil recycling companies play a decisive role in 
our society. Competition among companies is tough and process 
optimization is essential for survival. By equipping oil containers 
with a level monitoring system that periodically reports the 
content level and alerts when it reaches a preset threshold, the oil 
recycling companies are able to streamline the waste oil collection 
process and, thus, reduce the operation costs while maintaining 
the quality of service. This paper describes the development of 
this level monitoring system by a team of four third-year students 
from different engineering backgrounds and nationalities. The 
team conducted a study of the state of the art, draw marketing 
and sustainable development plans and, finally, designed and 
implemented a prototype that continuously measures the 
container content level and sends an alert message as soon as it 
reaches the preset capacity.  
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I. INTRODUCTION 
This paper reports on the design and development process of 
a level monitoring system for oil containers by a team of four 
third year students from diverse engineering and cultural 
backgrounds during the spring semester of 2012 [1].  
The problem was proposed by Egi Energy, a local recycling 
company with 214 waste oil containers that relies on an 
inspection team to verify the level of the containers. The 
containers with a level above 50% of their capacity are 
scheduled for the next oil collection trip.  
The initial project requirements were intentionally broad to 
allow the team to make design choices and find autonomously 
solutions. In particular, the requirements specified the 
development of a level monitoring system that should: (i) send 
automatically alert messages when the container is almost full; 
(ii) display the reported data via a Web interface; (iii) be 
robust; and (iv) comply with a 300 € budget.  
Bearing in mind these ideas, this paper includes the 
following sections: introduction, state of the art, project 
development and, finally, the main conclusions of the work. 
II. SUPPORT TECHNOLOGIES 
Level measurement sensors are used to measure fluid or 
solid levels within a range. Generally, these sensors produce an 
analogue output that directly correlates to the level in the 
container. To create a level management system, the level 
sensor output signal can be connected to a micro-controller.  
The micro-controller can process the inputs from several 
sensors simultaneously and, additionally, send information to a 
communications module for transmission. If, for example, the 
communications module provides connection with the Internet, 
an administrator/manager can remotely access the sensor data 
and check for minimum/maximum level alerts [2].  
A. Level Sensors 
Level sensors detect the level of a substance in a container 
or in its natural form. The sensor can be continuous or detect 
given value. Continuous level sensors measure level within a 
specified range and determine the level of substance, while 
point-level sensors only indicate whether the substance is 
above or below the sensing point. There are several physical 
and application requirements that affect the selection of the 
level monitoring method for industrial and commercial 
processes. The physical requirements that condition the 
selection criteria include phase (liquid, solid or slurry), 
temperature, pressure, vacuum, dielectric constant of medium, 
density (specific gravity) of medium, agitation (action), 
acoustical or electrical noise, vibration, mechanical shock, tank 
or bin size and shape. Among the application constraints there 
are price, accuracy, appearance, response rate, ease of 
calibration or programming, physical size, mounting of the 
instrument, monitoring and robustness to environmental 
constraints, etc. 
Ultrasonic devices are contactless sensors, i.e., they are 
transceivers that send and receive signals as a radar or sonar 
[3]. Ultrasonic sensors (Figure 1) generate high frequency 
sound waves and measure the returned echo.  
 
Figure 1 – Ultrasonic sensor.  
Sensors calculate the time interval between sending the 
 signal and receiving the echo to determine 
object. This technology can be used for mea
and direction (anemometer), the level of a t
through a fluid. To measure the liquid in 
measures the distance to the surface of the flu
Figure 2 – Ultrasonic measuri
Ultrasonic devices typically use a t
generates sound waves in the ultrasonic ran
by converting electric energy into sound, an
the echo, convert the sound waves back in
which can be measured and displayed. T
limited by the shape of surfaces and the den
of the material.  
The ultrasonic HC-SR04 module will be u
to measure the internal level of the waste oil 
B. Battery 
A battery is an electrochemical cell 
protected material. The battery can be char
provide a static potential for power or r
charge when needed [4]. The basic elements 
anode, a cathode and an electrolyte. The cath
is combined with oxygen. The anode is a 
oxidize if it were allowed to and is more lik
the metal that forms part of the cathode. T
types of batteries: lead acid battery, Nickel-
battery, Nickel-Metal Hydride (Ni-MH) ba
ion (Li-Ion) battery.  
This project will use a lead acid ba
rechargeable, relatively inexpensive and ca
for up to 3 years [5].  
C. Micro-controller 
A micro-controller is a small compu
integrated circuit containing a processor c
programmable input/output peripherals– see 
Micro-controllers are designed for embe
in contrast to the microprocessors used in p
or other general purpose applications [6]. Mi
used in automatically controlled products an
automobile engine control systems, imp
devices, remote controls, office machines, 
tools, toys and other embedded systems. By
and cost compared to a design that 
microprocessor, memory and input/output
controllers make it economical to digitally 
 
the distance to an 
suring wind speed 
ank and the speed 
a tank, the sensor 
id (Figure 2).  
 
ng. 
ransducer, which 
ge (above 18 kHz) 
d, upon receiving 
to electric energy, 
his technology is 
sity or consistency 
sed in this project 
containers. 
or enclosed and 
ged electrically to 
eleased electrical 
of a battery are an 
ode is a metal that 
metal that would 
ely to oxidize than 
here are different 
Cadmium (Ni-Cd) 
ttery and Lithium 
ttery since it is 
n hold the charge 
ter on a single 
ore, memory, and 
Figure 3.  
dded applications, 
ersonal computers 
cro-controllers are 
d devices such as 
lantable medical 
appliances, power 
 reducing the size 
uses a separate 
 devices, micro-
control even more 
devices and processes. 
Figure 3 – Micro-con
The Arduino Pro Mini (Fig
selected to control all system co
Figure 4 – Arduino Pro M
D. Communication 
Wireless communication allo
between two or more points tha
A Wi-Fi communication system
transfer data between the mea
interface. Wi-Fi is a popula
electronic device to exchange
waves) over a computer netwo
Wi-Fi as any "wireless local a
that are based on the Institute
Engineers (IEEE) 802.11 stan
modern WLAN are based on th
is used in general English as a
device with a Wi-Fi interface c
wireless network access point. A
a range of about 20 m indoor a
hotspot coverage can compris
room with walls that block rad
square miles — this is achieved
access points. 
This project will adopt the
 
troller main modules. 
ure 4) is the micro-controller 
mponents.  
 
ini micro-controller board. 
ws the transfer of information 
t are not physically connected. 
 will be used in this project to 
surement system and the Web 
r technology that allows an 
 data wirelessly (using radio 
rk. The Wi Fi Alliance defines 
rea network (WLAN) products 
 of Electrical and Electronics 
dards". However, since most 
ese standards, the term "Wi-Fi" 
 synonym for "WLAN" [7]. A 
an connect to the Internet via a 
n access point (or hotspot) has 
nd a greater range outdoor. The 
e an area as small as a single 
io waves or as large as many 
 by using multiple overlapping 
 WiFly Shield shown in the 
 Figure 5 to establish the data link between 
the remote Web server.  
Figure 5 – WiFly shield. 
III. PROJECT DEVELOPMEN
A. Design 
The level monitoring system must be place
oil container and on top of the bin. Figure 6
up used for development and testing.  
Figure 6 – Container with the level moni
Figure 7 displays how the components we
aluminium protective box, also developed by
Figure 7 – Components layout inside the 
B. System Architecture 
The overall system architecture compris
 
the container and 
 
T 
d inside the waste 
 illustrates the set 
 
toring system. 
re placed inside an 
 the team. 
 
protective box. 
es two ultrasonic 
sensors and control, comm
application modules (Figure 8).
Figure 8 – Syste
C. Ultrasonic Sensors 
The selected ultrasonic HC
range from 2 cm up to 400 cm
3 mm. The module includes u
and a control circuit. To start 
high level signal for at least 10
sends eight 40 kHz pulses and
the signal returns it will outpu
corresponding to the time elap
returning of the ultrasonic signa
D. Control 
The main goal of the con
container level and communic
Wi-Fi connection to a remote
Users can then access this infor
The Arduino Pro Mini, wh
system, implements an infinite
ranging, reporting sensor leve
sleep stages – see Figure 9. 
Figure 9 – Contr
E. Schematics 
Figure 10 shows the connec
WyFly module, the two ultra
XBee Explorer Regulated bo
board and a pull up resistor circ
The XBee Explorer Regulate
between the Arduino Pro Min
module (3.3 V signals).  
The logical level converter 
signals from 5 V to 3.3 V, conn
(pin 3) to the LLC module and
Control
Po
w
er
 S
up
pl
y
Comunications
Module
Sle
Read Sensors
unications, power and Web 
  
 
m architecture. 
-SR04 module has a working 
 with a ranging accuracy up to 
ltrasonic transmitters, receivers 
ranging it requires a triggering 
 µs. The module automatically 
 detects the pulse reflection. If 
t a high signal with a duration 
sed between the sending and 
l.  
trol system is to monitor the 
ate the sensor readings via a 
 Web application for storage. 
mation via a Web browser.  
ich is the core of the control 
 loop composed of ultrasonic 
ls to remote Web server and 
 
ol loop diagram. 
tions between the Arduino, the 
sonic sensors, the battery, an 
ard, a Logic Level Converter 
uit.  
d board adapts the signal level 
i (5 V signals) and the WiFly 
(LLC) board, which converts 
ects the Arduino virtual TX pin 
 the LLC directly to the WiFly 
Web Application
Ultrasonic
Sensors
ep
Send Values
  
RX pin, supporting the serial connection between the WyFly 
and Arduino.  
 
Figure 10 – Module connection schematics. 
Finally, in order to work, the WiFly module requires a wake 
up input signal. The Wi-Fi board has 49 pins and the WiFly 
board has 20 pins and, as a result, the FORCE_AWAKE pin 
referred in the manual sheet is unconnected. This problem was 
solved by using the reset pin to wake up the WyFly module 
(not mentioned in the WiFly manual). This was achieved 
through an additional circuit with a transistor to pull the reset 
pin of the WiFly to ground and wake up the module, including 
a 100 kΩ resistor to make it stable and a 2.2 kΩ resistor to 
limit the current at the transistor base pin.  
F. Web Interface 
The Web interface was developed in Java and was deployed 
on the Apache Tomcat application server. Figure 11 displays 
the main page together with the container status page. The 
main page offers two options: to check the container status and 
to edit the container settings. The container status button 
redirects the user to the ShowSensorValues servlet. Thus, the 
servlet reads the file containing the container content level data 
and displays this information to the user.  
 
 
 
 
Figure 11 – Web interface. 
This example shows the current container settings, the 
sensor values and the container level in percentage (%). The 
container settings button directs the user to another page where 
he can define the threshold values for the container content 
level. This feature allows the system being able to handle 
different size containers. 
IV. CONCLUSION 
This project was developed by a team of four third year 
students from diverse engineering and cultural backgrounds 
during the spring semester of 2012. 
The team spent the first weeks reviewing existing solutions 
and understanding the details of the project. The first activity 
was to identify, schedule and allocate the project tasks among 
team members. Then, the existing containers were analysed to 
determine where and how the monitoring system should be 
fixed and placed. The team discussed and reviewed in 
numerous brain storms sensors, communication modules, 
batteries and protective boxes options in order to select and 
acquire the set that fulfilled the requirements and did not 
exceed the predefined budget. The marketing plan and the 
sustainability aspects concerning of the project were also 
analysed [8][9]. The next step was to design, assemble and test 
the prototype. The Web interface application was, then, 
developed, allowing customers to use a Web browser to verify 
the container status. Finally, the team designed and built an 
aluminium box to hold and protect the monitoring system. 
The team provided the client with a fully operational 
prototype for 100 € comprising two ultrasonic sensors, an 
Arduino Pro Mini, a Wi-Fi shield, a lead acid battery, an XBee 
Explorer Regulated board and a Logic Level Converter.  
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